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INTRODUCTION
With >13 000 species (Davis et al., 2009) , Rubiaceae is one of the largest and most diverse families of angiosperms. Well-known representatives include Coffea L., Ixora L. and Gardenia J.Ellis, all part of Ixoroideae, a subfamily comprising about 4000 species of pantropical and subtropical distributions. Ixoroideae, as recognized by Bremekamp (1952 Bremekamp ( , 1966 , included taxa characterized by secondary pollen presentation ('ixoroid pollination mechanism'), a feature that Bremekamp considered to be of high taxonomic value because of its requirement for a combination of characters for functionality. Included were tribes Acranthereae, Chiococceae, Coptosapelteae, Cremasporeae, Gardenieae, Ixoreae and Vanguerieae. Verdcourt (1958) , however, considered pollen presentation to be of less importance, and preferred to include Ixoroideae in a wide Cinchonoideae (see also Robbrecht & Manen, 2006) . In a comprehensive classification of the family, Robbrecht (1988) restricted Ixoroideae to include genera with contorted corolla lobe aestivation and fleshy fruits. In his system, Ixoroideae comprised tribes Cremasporeae, Gardenieae and Ixoreae sensu Bremekamp (the correct name of which would have been Coffeeae; Darwin, 1976) , i.e. Aulacocalyceae, Coffeeae, Gardenieae, Octotropideae and Pavetteae. For an overview of the changes in the classification of Ixoroideae, the reader is referred to .
Results of molecular phylogenetic studies have since then indicated many unknown relationships and also, consequently, possible improvements in the classification of Rubiaceae. This includes the expansion of Ixoroideae, as many additional tribes or segregates of tribes and a number of taxa of uncertain taxonomic placement have been shown to be associated with the subfamily. Ixora, the type of the subfamily, was shown to form a clade with Vanguerieae , confirming the position of Vanguerieae in Ixoroideae, as suggested by Bremekamp (1952 Bremekamp ( , 1966 , and supporting the exclusion of Ixora from Pavetteae. resurrected Ixoreae and provided new circumscription for several other tribes in the subfamily. Many additional taxa have been found to be associated with Ixoroideae sensu Robbrecht (1988) , including Bertiera Aubl. (Bremer, Andreasen & Olsson, 1995) , Mussaendeae and Sabiceeae, (Bremer & Thulin, 1998) , Alberteae and Scyphiphora C.F.Gaertn. , Condamineeae and many genera formerly placed in Cinchoneae or Rondeletieae (e.g. Rova et al., 2002; Delprete & Cortés-B., 2004; Kainulainen et al., 2010) . Crossopteryx Fenzl, part of Ixoroideae sensu Bremekamp (included in Coptosapelteae), but considered part of Cinchoneae by Robbrecht (1988) , has also been found to be nested in Ixoroideae , as have Mussendopsis , Hekistocarpa Hook.f. (Dessein et al., 2001) , Gleasonia Standl., Retiniphyllum Humb. & Bonpl. and Sipaneeae Delprete & Cortés-B., 2004) , Boholia Merr. and Steenisia Bakh.f. (Bremer & Eriksson, 2009) , Airosperma K.Schum. & Lauterb. , Greeniopsis Merr. (Alejandro et al., 2010) , Glionnetia Tirveng., Jackiopsis Ridsdale and Trailliaedoxa W.W.Sm. & Forrest . Although the expanded Ixoroideae is well supported by molecular data, internal resolution and clade support, especially among the early divergent clades, have generally been low.
Ixoroideae, as widely delimited according to recent molecular phylogenetic studies, includes all tribes of Robbrecht's (1988) narrow circumscription of the subfamily, whereas tribes Acranthereae, Chiococceae and Coptosapelteae are not part of Ixoroideae as suggested by Bremekamp (1966) . Chiococceae has been shown to be part of Cinchonoideae (Bremer et al., 1995) , and Acranthera Arn. ex Meisn. and Coptosapelta Korth. appear to represent a separate, early divergent clade in the family (Rydin et al., 2009) . The expanded Ixoroideae is morphologically diverse and can no longer be easily characterized morphologically. Molecular phylogenetic studies have also shown that some tribes of the subfamily are not monophyletic (i.e. Gardenieae including Aulacocalyceae, and Pavetteae; Persson, 2000; Bremer & Eriksson, 2009 ) and that several genera found to be nested in Ixoroideae do not appear to be associated with any described tribe, i.e. Airosperma, Aleisanthia Ridl., Aleisanthiopsis Tange, Augusta Pohl, Boholia, Glionnetia, Greenea Wight & Arn., Scyphiphora, Steenisia, Trailliaedoxa and Wendlandia Bartl. ex DC. Bremer & Eriksson, 2009; Razafimandimbison et al., 2011) . Subsequent tribal recognition of the lineages represented by these genera has so far only been performed for Aleisanthia and Aleisanthiopsis and Greenea (Aleisanthieae and Greeneeae, respectively; Mouly et al., 2009a) .
In this study, we analyse data from six combined plastid DNA regions (matK, ndhF, rbcL, the rps16 intron, trnS-G and trnT-F) using Bayesian and parsimony methods of phylogenetic reconstruction to resolve the tribal relationships of the expanded Ixoroideae and, in particular, the relationships of the genera which, in previous studies, have not been associated with any previously described tribes. Following the inferred phylogenetic hypothesis, we also provide a revised tribal classification of the subfamily.
MATERIAL AND METHODS

TAXON SAMPLING
This study includes genera representing all tribes associated with Ixoroideae in previous molecular phylogenetic studies. The ingroup included 110 species from 87 genera. An effort was made to sample primarily material representing the types of genera. Gelsemium sempervirens (L.) J.St.-Hil. (Gelsemiaceae), Logania vaginalis (Labill.) F.Muell. (Loganiaceae), Luculia gratissima (Wall.) Sweet, Colletoecema dewevrei (De Wild.) E.M.A.Petit, Ophiorrhiza mungos L. and six species of Cinchonoideae were utilized as outgroup. Because the focus of the study is primarily concerned with the phylogeny of the early divergent lineages of the subfamily, sampling was limited in the large and problematic Gardenieae and associated tribes (Octotropideae and Pavetteae), the phylogeny of which will be investigated further in an upcoming study (A. Mouly et al., Université de Franche-Comté, Besançon, unpubl. data) . Sampling was increased for Airosperma, Augusta and Wendlandia, all of which have widely disjunct distributions and in previous molecular phylogenetic studies have been resolved in Ixoroideae, but not in association with any previously recognized tribes . We were able to obtain sequences of Airosperma taxa from New Guinea and Fiji, including A. trichotomum (Gillespie) A.C.Sm., originally described as Abramsia trichotoma Gillespie. Cowan (1932) . We were unsuccessful in obtaining DNA sequences from any Steenisia spp. other than S. pleurocarpa (Airy Shaw) Bakh.f. An overview of the sampling and voucher specimens is given in the Appendix, and a few species representing the different tribes of Ixoroideae are shown in Figure 1 .
DNA EXTRACTION, AMPLIFICATION AND SEQUENCING
Three protein coding genes (matK, ndhF and rbcL) and three noncoding regions [the rps16 intron, the trnS-G spacer including the trnG intron (trnS GCU -trnG UUC -trnG UUC ) and the trnT-F region (trnT UGU -trnL UAA -trnL UAA -trnF GAA )] of the plastid DNA, previously shown to be phylogenetically informative in Rubiaceae (Andersson & Rova, 1999; Rova et al., 2002; Andersson & Antonelli, 2005; , were used in this study. DNA was extracted from leaf material using a Mini-Beadbeater 3110BX (BioSpec), following the protocol of Doyle & Dickson (1987) , and was subsequently purified using the QIAquick® PCR purification kit according to the manufacturer's instructions (Qiagen). PCR amplifications were performed using standard PCR settings and the following primers: matK1198F and matK2053R (Andersson & Antonelli, 2005) for matK; 2F, 1000R, 720F, 1700R, 1320F and 2280R for ndhF; rbcL5'F, rbcL_Z895F, rbcL_Z895R and rbcL3'R for rbcL; rsp16_2F and rpsR2 (Oxelman, Lidén & Berglund, 1997) for the rps16 intron; and cF, eF, dR, fR (Taberlet et al., 1991) , A1F, IR , 820R, 940F, 1250F, 1880F and 2670R for trnT-F. The trnS-G region was amplified using the primers and protocols of Shaw et al. (2005) . Sequences were assembled using the Staden package v1.5.3 (Staden, 1996) . Sequences new to this study (324) were deposited in GenBank (Appendix). Additional sequences (361) were obtained from GenBank (for references, see Appendix).
DATA ANALYSES
The sequences were preliminarily aligned using Clustal W (default settings; Thompson, Higgins & Gibson, 1994) , as implemented in BioEdit (Hall, 1999) , and then adjusted manually. Sequence inversions were dealt with by separating the alternative sequence versions in the alignment. Inversions in the included sequences occurred in regions corresponding to positions 5417-5430 (rps16), 9082-9113, 9164-9169, 9330-9335 and 9714-9723 (trnS-G) of the Coffea arabica L. plastid genome (GenBank accession number, EF044213; Samson et al., 2007) . An AT-rich region in the trnS-G spacer, corresponding to positions 9184-9203 of the C. arabica plastid genome, was excluded from the analyses because of difficulties in finding an unambiguous alignment. The combined dataset consisted of 10 165 characters, 10 003 of which were included in the analyses. Methods of phylogenetic reconstruction included maximum parsimony (MP) and Bayesian inference (BI; Yang & Rannala, 1997), using the programs PAUP* v4.0b10 (Swofford, 2002) and MrBayes v3.1.2 (Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck, 2003) , respectively. Gaps were treated as missing data. MP analyses were performed using heuristic searches with the tree bisection-reconnection (TBR) branch swapping algorithm, Multrees on, 1000 random sequence addition replicates and a maximum of 10 trees saved per replicate. Clade support was estimated using 1000 bootstrap replicates, with three random addition replicates per replicate. For the BI analyses, the protein coding and noncoding data were analysed as separate partitions with unlinked model parameter estimates (except topology). Substitution models suggested as best fit to the data under the corrected Akaike information criterion (AICc), as implemented in MrAIC v1.4.4 (Nylander, 2004 ; a script dependent on the program PHYML v3.0; Guindon & Gascuel, 2003) , were used for each partition (the GTR + G + I model for both datasets). The analysis comprised two runs of four chains each and was monitored for 10 7 generations, with every 1000th generation being sampled. The chain heating parameter was 0.10. The initial 25% of the sampled trees were considered as burn-in and excluded from the consensus. The effective sample sizes (ESSs) of the model parameters were checked using the program Tracer v1.5 (Rambaut & Drummond, 2007) , in order to ensure an ESS > 200, as recommended by Drummond et al. (2007) for the adequate representation of the posterior probability (PP).
RESULTS
The combined dataset contained 10 003 DNA characters, 2410 of which were potentially phylogenetically informative in the MP analysis. Analyses of the coding and noncoding datasets separately (data not shown) showed no incongruences with bootstrap support (BS) values Ն70% or PPs Ն 0.95, with the exception of the position of Randia L., which formed a sister group to Euclinia Salisb. (PP, 0.99; BS, 73%) in the coding dataset, but was resolved as sister group to a clade comprising Rosenbergiodendron Fagerl. and Tocoyena Aubl. in the noncoding dataset (PP, 0.95; BS, 84%). The analyses were overall mostly congruent, well resolved and strongly supported. Figure 2 shows the majority rule consensus tree from the BI analyses of the combined data, including the PPs of the clades and the clade BS values of the MP analysis.
The clades corresponding to the Coffeeae and Vanguerieae alliances, respectively (cf. Razafimandimbison et al., 2011) , were resolved as sister groups ('the core Ixoroideae'; PP, 1.00; BS, 100%). The Coffeeae alliance comprised the tribes Alberteae, Bertiereae, Coffeeae, Gardenieae, Octotropideae and Pavetteae and the genera Airosperma, Augusta, Boholia and Wendlandia. Gardenieae did not appear to be monophyletic, because Burchellia R.Br. was resolved as sister group to Octotropideae (PP, 1.00; BS, 64%), and Mitriostigma Hochst. and Oxyanthus DC. formed a sister group to Pavetteae, although with weak support (PP, 0.80; BS, 54%). The Gardenieae-Pavetteae clade was resolved as sister group to the Burchellia-Octotropideae clade (PP, 1.00; BS, 65%), and a clade comprising Bertiereae and Coffeeae (PP, 1.00; BS, 98%), in turn, formed a sister group to this clade (PP, 1.00; BS, 100%). Strongly supported successive sister groups were Alberteae (PP, 1.00; BS, 85%), an Augusta-Wendlandia clade (PP, 1.00; BS, 100%) and an Airosperma-Boholia clade (PP, 1.00; BS 100%).
In the Vanguerieae alliance, Aleisanthieae formed a sister group to Ixoreae (PP, 1.00; BS, 100%) and this clade was, in turn, sister to Greeneeae (PP, 1.00; BS, 100%). Relationships between the Aleisanthieae-Greeneeae-Ixoreae clade, Vanguerieae and Glionnetia were unresolved. Although strongly supported by the BI analyses (PP, 1.00), the support for this trichotomy was low in the MP analysis (< 50%). Trailliaedoxa was resolved as sister to the clade formed by this trichotomy. However, this clade also had low support (PP, 0.83; BS, 54%). Successive sister groups were Scyphiphora (PP, 1.00; BS, 87%), Jackiopsis (PP, 1.00; BS, 97%) and Crossopteryx (PP, 1.00; BS, 91%).
A grade of successive sister clades to core Ixoroideae comprised, in turn, Retiniphylleae (PP, 1.00; BS, 100%), Steenisia (PP, 1.00; BS, 100%) and a clade comprising the sister tribes Mussaendeae and Sabiceeae (PP, 0.98; BS, 54%). The Mussaendeae-Sabiceeae clade was well supported (PP, 1.00; BS, 96%). A Condamineeae-Henriquezieae-Posoquerieae-Sipaneeae clade was resolved as the earliest diverging clade in relation to the rest of the subfamily. However, the support for this clade was low (PP, 0.79; BS, 72%). Subfamily Ixoroideae received strong support (PP, 1.00; BS, 100%).
DISCUSSION
In this study, we infer the tribal relationships in Ixoroideae by the phylogenetic reconstruction of six combined plastid regions. The phylogenetic hypotheses indicate that Ixoroideae can be considered as comprising the Coffeeae alliance, the Vanguerieae alliance and a grade consisting of Retiniphylleae, Steenisia, Mussaendeae with Sabiceeae and a Condamineeae-Henriquezieae-Posoquerieae-Sipaneeae clade (Fig. 2) . Henriquezieae, Posoquerieae and Sipaneeae form a clade, as in the study by Rova et al. (2002) . This clade forms a weakly supported sister group to Condamineeae, and the Condamineeae-Henriquezieae-Posoquerieae-Sipaneeae clade is, in turn, sister group to the remainder of the subfamily. This is congruent with the results of Rydin et al. (2009) . However, in the phylogenetic hypotheses of , Condamineeae appeared closer to core Ixoroideae. Further research is needed in order to better understand the relationships of these early divergent lineages. As in previous studies Bremer & Eriksson, 2009; Kainulainen et al., 2010) , the resolution in Condamineeae was low.
In the phylogenetic tree presented, Mussaendeae is resolved as sister group to Sabiceeae with strong support, in agreement with the results of Alejandro, Razafimandimbison & Liede-Schumann (2005) . As, in their study, Heinsia DC. forms a sister group to the remaining genera of the tribe, and Mussaenda L. forms a clade with Pseudomussaenda Wernham., Schizomussaenda H.L.Li (Fig. 1B) from South-East Asia is here further resolved as sister group to a clade comprising the Malagasy-Mascarene genera Bremeria Razafim. & Alejandro (Fig. 1C) and Landiopsis Capuron ex Bosser. In Sabiceeae, Virectaria Bremek. is resolved as sister group to Tamridaea Thulin & B.Bremer, as in previous studies by Bremer & Thulin (1998) and Khan et al. (2008) . These genera, together with Hekistocarpa, have been suggested as constituting a clade recognized at tribal level (Virectarieae s.l., based on molecular data) by Dessein et al. (2001) , and the three genera also formed a well-supported clade in the study by Bremer & Eriksson (2009) . These relationships are not supported in our study, in which Hekistocarpa instead forms a poorly supported sister group to Sabicea Aubl. However, previously, Hekistocarpa has also been resolved as sister group to the remaining Sabiceeae (Khan et al., 2008 ; based on nrDNA data). Phylogenetic relationships in this tribe should be investigated further. The position of Retiniphyllum indicated in this study conforms with that first found in the study by Rova et al. (2002 Figure 2 . The majority-rule consensus tree from the Bayesian inference analysis of the combined plastid data (ndhF, matK, rbcL, rps16 intron, trnS-G and trnT-F) . Posterior probabilities and bootstrap support values from the parsimony analysis are indicated below the clades (a dash indicates bootstrap support of <50%). Phylogram of the tree with the highest marginal likelihood in inset. New tribal names presented in this article are highlighted. ALB, Alberteae; ALE, Aleisanthieae; BER, Bertiereae; COF, Coffeeae; CON, Condamineeae; CRO, Crossopterygeae; GAR, Gardenieae; GRE, Greeneeae; HEN, Henriquezieae; IXO, Ixoreae; JAC, Jackieae; MUS, Mussaendeae; OCT, Octotropideae; PAV, Pavetteae; POS, Posoquerieae; RET, Retiniphylleae; SAB, Sabiceeae; SIP, Sipaneeae; VAN, Vanguerieae. revision of the genus, Bremer (1984) proposed that it should be transferred from Argostemmateae to Rondeletieae (subfamily Cinchonoideae). However, in the molecular phylogenetic study of Bremer & Eriksson (2009) , Steenisia was found nested in Ixoroideae. Steenisia can be readily characterized by a suffrutescent unicaulous habit, rotate corolla and anthers with apical appendages fused to form a hollow cone around the style (in a manner reminiscent of the flowers of Solanum L.), characters which are all unusual (the latter unique) in Ixoroideae. A region of the style covered with hairs that probably catch released pollen is usually found level with the pollen sacs (Bremer, 1984; Puff et al., 1995) . However, as this region does not appear to extend above the surrounding staminal tube, pollen is not presented in a secondary manner. Instead, the mode of pollination is most likely by buzz pollination (Puff et al., 1995) . Steenisia is not associated with any previously described tribe in our analyses and, consequently, the recognition of the Steenisia clade at the tribal level is proposed in the Taxonomic synopsis section.
THE VANGUERIEAE ALLIANCE
The Vanguerieae alliance comprises Aleisanthieae, Crossopterygeae, Glionnetia, Greeneeae, Ixoreae, Jackieae, Scyphiphora, Trailliaedoxa and Vanguerieae. The clades resolved in Vanguerieae in this study are congruent with the results of Lantz & Bremer (2004) . However, the position of Psydrax Gaertn. is here further resolved in a clade consisting of Afrocanthium (Bridson) Lantz & B.Bremer, Keetia E.Phillips and a clade comprising Cyclophyllum Hook.f., Peponidium (Baill.) Arènes and Pyrostria Comm. ex Juss., representing the 'dioecious group' of Razafimandimbison et al. (2009) . In agreement with the results of Rova et al. (2002) and Mouly et al. (2009a) , Ixoreae forms a sister group to Aleisanthieae, and these are, in turn, sister to Greeneeae. Aleisanthia and Greenea both have traditionally been considered part of Rondeletieae (Hooker, 1873), a tribe characterized by contorted or imbricate corolla aestivation and capsular fruits. Molecular phylogenetic studies have indicated that this is an unnatural group, and Rondeletieae has since been much reduced (see Rova et al., 2002; Manns & Bremer, 2010; Rova, Delprete & Bremer, 2009) . Glionnetia (Fig. 1G) , an endemic of the Seychelles, has also been suggested as part of Rondeletieae by its author (Tirvengadum, 1984) . However, in a recent study by Razafimandimbison et al. (2011) , Glionnetia was found nested in the Vanguerieae alliance, although with an unresolved position relative to Vanguerieae and the Aleisanthieae-Greeneeae-Ixoreae clade (Rondeletieae s.s. can consequently be consid-ered as restricted to the New World; cf. Manns & Bremer, 2010) . Despite the inclusion of more sequence data in this study, the phylogenetic position of Glionnetia is still unresolved.
As in the study by Razafimandimbison et al. (2011) , successive sister groups to the Aleisanthieae-Glionnetia-Greeneeae-Ixoreae clade are Trailliaedoxa, Scyphiphora, Jackieae and Crossopterygeae. The little-studied Trailliaedoxa has hitherto remained without taxonomic placement in Rubiaceae. It occurs in the highlands of southern China, although it has rarely been collected. Trailliaedoxa is an erect shrublet with minute schizocarpic fruits with solitary pendulous ovules. The corolla aestivation is leftcontort. Whether or not secondary pollen presentation occurs is not known. Our results support the recognition of a monogeneric tribe, Trailliaedoxeae (see Taxonomic synopsis section).
The mangrove plant Scyphiphora (Fig. 1F ) occurs in coastal areas of tropical Asia and the western Pacific (Puff & Rohrhofer, 1993) . Scyphiphora has a complex taxonomic history (see Puff & Rohrhofer, 1993; Mouly et al., 2009a) , as the highly modified fruits, in particular, which are adapted for sea dispersal, have caused difficulties in assessing its systematic placement. The fruits are indehiscent and corky, with one ascending and one descending ovule per locule (Puff & Rohrhofer, 1993) . However, the flowers have secondary pollen presentation and leftcontort corolla aestivation, characteristics shared by most of the core Ixoroideae. tentatively included the genus in Ixoreae. However, in the studies by , Eriksson (2009) and Cortés-B. et al. (2009) , Scyphiphora was resolved as sister to the Ixoreae-Vanguerieae clade, a position congruent with this study, in which Scyphiphora is resolved as sister to the Aleisanthieae-Glionnetia-Greeneeae-Ixoreae-Trailliaedoxa-Vanguerieae clade. Consequently, we propose the recognition of tribe Scyphiphoreae (see Taxonomic synopsis section).
THE COFFEEAE ALLIANCE
The Coffeeae alliance comprises Airosperma, Augusta, Boholia, Wendlandia and tribes Alberteae, Coffeeae, Gardenieae, Octotropideae and Pavetteae. As in previous molecular studies (Andreasen & Bremer, 1996; Bremer & Eriksson, 2009 ), Gardenieae is not monophyletic. Mitriostigma (Fig. 1M ) and Oxyanthus form a poorly supported sister group to Pavetteae, and Burchellia forms a sister group to Octotropideae. Further research is needed to better understand the phylogenetic relationships in the Gardenieae-Octotropideae-Pavetteae complex. Successive sister groups to this complex are the Bertiereae-Coffeeae PHYLOGENY OF IXOROIDEAE 393 clade, Alberteae, the Augusta-Wendlandia clade and the Airosperma-Boholia clade. The included representatives of Bertiera form a monophyletic group sister to Coffeeae, a relationship also inferred in other studies (e.g. Bremer et al., 1995; Persson, 2000; Davis et al., 2007;  see the latter for a discussion on the delimitation and morphological differentiation of these tribes, which some authors have treated as one, i.e. Robbrecht & Manen, 2006) .
Augusta and Wendlandia have traditionally (Hooker, 1873) been considered as part of Rondeletieae. However, in the molecular phylogenetic study of Rova et al. (2002) , they were resolved as a clade in Ixoroideae. Both genera have widely disjunct distributions. In Augusta, A. longifolia occurs in northeastern and central Brazil (Delprete, 1997), A. rivalis (Fig. 1I) in Central America, A. austrocaledonica in New Caledonia and A. vitiensis (Seem.) J.H.Kirkbr. in Fiji. The last three species have previously been recognized as Lindenia, a name that was reduced to synonymy by Kirkbride (1997) . This is supported by our results, because A. rivalis and A. austrocaledonica are paraphyletic with respect to A. longifolia (Fig. 2) . Wendlandia (Fig. 1J ) has a wide distribution in East Asia and Australasia (centre of diversity in China), with one species, W. ligustroides, in southeastern Turkey-northern Iraq and one species, W. arabica, in Ethiopia, Somalia and Yemen (see Puff, 1990) . Cowan (1932) , who provided the last comprehensive revision of the genus, considered the last two species as exceptional, and their inclusion in Wendlandia as doubtful. However, Wendlandia appears to be monophyletic in our phylogenetic analyses, in which W. ligustroides forms a sister group to the remaining included species, whereas W. arabica is nested in the East Asian clade. Secondary pollen presentation appears to be absent in Wendlandia (D. Zhang, South China Botanical Garden, Guangzhou, Guangdong, China, pers. comm.) . The status of this character in Augusta is not known. Both genera have left-contorted corolla aestivation. In the Coffeeae alliance, the Augusta-Wendlandia clade is distinguished by capsular fruits. This clade is not associated with any previously described tribe; consequently, we propose that it should be recognized at tribal level (see Taxonomic synopsis section).
Airosperma and Boholia were placed in Alberteae by their respective authors (Schumann & Lauterbach, 1900; Merrill, 1926) based on the presence of solitary pendulous ovules and contorted corolla aestivation. Boholia occurs in the Philippines, but has also been collected on the island of Flores in Indonesia (Schmutz 2691; P; image seen). Airosperma has a disjunct distribution, occurring in New Guinea and the Fiji islands (in the phylogenetic hypothesis, the included species from the respective areas form sister groups). One of the Fijian species, A. trichotomum, was originally described by Gillespie (1932) as Abramsia trichotoma. Smith (1945: 108) considered the generic concepts as 'essentially identical' and subsumed Abramsia. This synonymization is supported by the molecular data, because A. trichotomum is nested in Airosperma, forming a sister group to A. vanuense S.P.Darwin (Fig. 2) . Secondary pollen presentation is not present in Airosperma (Darwin, 1979) and at least some of the New Guinean species of the genus appear to be functionally dioecious (Darwin, 1980) . The status of this character in Boholia is not known. Although having been described as right-contorted or imbricate, the corolla aestivation is left-contorted in both genera (K. Kainulainen, pers. observ.). The fruits are fleshy and contain pyrenes, and were interpreted by Robbrecht (1988) as adapted for dispersal by sea currents. However, animal dispersal also seems a possibility considering the vivid colour of the fruits (blue-purple, white or yellow; Darwin, 1980) . In this study, as in that of , they form a clade separate from Alberteae; consequently, we propose that this clade should be recognized at the tribal level (see Taxonomic synopsis section).
TAXONOMIC SYNOPSIS
Following the results of the molecular phylogenetic analyses, we present here a revised tribal classification of Ixoroideae, although we do not address the tribal delimitation in the problematic Gardenieae complex, i.e. Gardenieae, Octotropideae (including Cremasporeae) and Pavetteae, which will be discussed further by A. Mouly et al. (Université de Franche-Comté, Besançon; unpubl. data) . Including these three tribes, Ixoroideae comprises 24 tribes, five of which are newly and formally described below. Although the molecular support for Ixoroideae is strong, morphologically the members are diverse and not easily characterized; no potential morphological synapomorphies for the subfamily are known at this point. In particular, Condamineeae and Henriquezieae contain morphologically aberrant genera (Rogers, 1984; Kainulainen et al., 2010) , some of which, at times, have been classified outside Rubiaceae [e.g. Dialypetalanthus Kuhlm. in Dialypetalanthaceae (Rizzini & Occhioni, 1949) and Henriquezia Spruce ex Benth. and Platycarpum Humb. & Bonpl. in Henriqueziaceae (Bremekamp, 1957) ].
SUBFAMILY IXOROIDEAE RAF.
Trees, shrubs, monocaulous treelets, subshrubs or rarely herbs. Raphides absent. Stipules entire, bifid or rarely fimbricate; interpetiolar or rarely intrapetiolar. Flowers usually actinomorphic, protandrous, often with secondary pollen presentation; rarely zygomorphic, heterostylous, dioecious, monoecious or protogynous. Calyces mostly persistent, in several taxa with one or several lobes expanded and showy. Corolla aestivation contorted to left, rarely to right, imbricate, valvate or rarely open. Fruits fleshy and indehiscent, dry and indehiscent or capsular, with numerous, few or solitary ovules per locule.
Tribe Airospermeae Kainul. & B.Bremer, trib. nov. Type: Airosperma K.Schum. & Lauterb., Fl. Schutzgeb. Südsee: 565 (1900) Suffrutices, frutices vel arbusculae unicaules. Flores 5-meri in paniculis terminalibus. Calyx persistens. Corolla brevi-vel longi-tubularis, lobis in aestivatione sinistrorsum contortis. Ovarium biloculare, ovulo uno pendulo in quoque loculo. Stylus inclusus vel (longi-) exsertus. Fructus carnosi, pyrenis duabus, in maturitate azureopurpurei, albidi vel lutescentes.
Unicaulous subshrubs, shrubs or small trees. Flowers 5-merous in terminal panicles. Calyx persistent. Corolla short-to long-tubular, with left-contorted aestivation. Ovary bilocular, with one pendulous ovule in each locule. Style included to (long-)exserted. Fruits fleshy, with two pyrenes, becoming bluepurple, whitish or yellowish in maturity.
Included genera: Airosperma with six species in Fiji and New Guinea, and the monotypic Boholia from the Philippines and the island of Flores, Indonesia.
Tribe Alberteae Hook.f. For descriptions, see Puff et al. (1984) , Robbrecht (1988) and .
Distribution: South-east Africa and Madagascar. Tribe Aleisanthieae Mouly, J.Florence & B.Bremer For descriptions, see Mouly et al. (2009a) and Alejandro et al. (2010) .
Distribution: South-East Asia.
Included genera (here investigated): Aleisanthia and Aleisanthiopsis.
Inclusion based on Alejandro et al. (2010) : Greeniopsis, occurring in South-East Asia.
Tribe Augusteae Kainul. & B.Bremer, trib. nov. Type: Augusta Pohl, Pl. Bras. Icon. Descr. 2: 1 (1828 Tribe Condamineeae Hook.f. For a description, see Kainulainen et al. (2010) . Mouly et al. (2009a) .
Included genera (here investigated): Greenea.
Inclusion based on Mouly et al. (2009a) : Spathichlamys R.Parker.
Tribe Henriquezieae Hook.f. For a description, see Rogers (1984) .
Distribution: Tropical South America.
Included genera (here investigated): Henriquezia.
Inclusion based on Rogers (1984) and Delprete & Cortés-B. (2004) : Gleasonia Standl. and Platycarpum.
Tribe Ixoreae A.Gray. For descriptions, see Mouly et al. (2009a, b) . Ixoreae as currently defined is monogeneric.
Distribution: Neotropics, tropical Africa, Madagascar, Comores, Mascarenes, Seychelles, tropical Asia to the Pacific.
Included genus: Ixora.
Tribe Jackieae Korthals For descriptions, see Ridsdale (1979) and Razafimandimbison et al. (2011) . Jackieae as currently defined is monogeneric.
Included genus: Jackiopsis.
Tribe Mussaendeae Hook.f. For descriptions, see Alejandro et al. (2005) . 
Distribution: Neotropics.
Included genera: Molopanthera Turcz. and Posoqueria Aubl.
Tribe Retiniphylleae Hook.f. For a description, see Robbrecht (1988) . Retiniphylleae as currently defined is monogeneric.
Included genus: Retiniphyllum.
Tribe Sabiceeae Bremek. For a description, see Khan et al. (2008) .
Distribution: Neotropics, Tropical Africa, Madagascar, São Tomé, Socotra, and Sri Lanka. Tribe Trailliaedoxeae Kainul. & B.Bremer, trib. nov. Type: Trailliaedoxa W.W.Sm. & Forrest, Notes Roy. Bot. Gard. Edinburgh 10: 74 (1917) Fruticuli erecti. Flores minuti, 5-meri, in cymis terminalibus. Calyx persistens. Corolla infundibuliformis, lobis in aestivatione sinistrorsum contortis. Ovarium biloculare, ovulo uno pendulo in quoque loculo. Stylus exsertus. Fructus schizocarpi.
Erect shrublets. Flowers minute, 5-merous, in terminal cymes. Calyx persistent. Corolla funnel-shaped, with left-contorted aestivation. Ovary bilocular, with one pendulous ovule in each locule. Style exserted. Fruits schizocarpous.
Included genus: The monotypic Trailliaedoxa, occurring in south-western China (Sichuan, Yunnan).
Tribe Vanguerieae A.Rich. ex Dum.
For descriptions, see Robbrecht (1988) and Lantz & Bremer (2004) .
Distribution: Southern Africa, tropical Africa, Madagascar, Comores, Mascarenes, Seychelles, (sub-) tropical Asia to Australia and the Pacific.
Included genera (here investigated): Afrocanthium, Canthium Lam., Cyclophyllum, Fadogia Schweinf., Keetia, Multidentia Gilli, Peponidium, Psydrax, Pyrostria, Rytigynia Blume and Vangueria Juss.
Inclusion based on Robbrecht (1988) , Lantz & Bremer (2004) and Razafimandimbison et al. (2009) 
CONCLUSIONS
Here, we analysed the tribal relationships and delimitation in Ixoroideae using six plastid DNA regions and Bayesian and parsimony methods of phylogenetic reconstruction. Following the results of this study, Ixoroideae can be considered as being composed of two well-supported lineages, the Coffeeae alliance and the Vanguerieae alliance, and a grade consisting of the 
